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Abstract 

We reinterpret the Scherk-Schwarz (SS) boundary condition for SU{2)r in a compacti- 
fied five-dimensional (5D) Poincare supergravity in terms of the twisted SU{2)u gauge 
fixing in 5D conformal supergravity. In such translation, only the compensator hyper- 
multiplet is relevant to the SS twist, and various properties of the SS mechanism can 
be easily understood. Especially, we show the correspondence between the SS twist 
and constant superpotentials within our framework. 
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1 Introduction 


Supersymmetry (SUSY) is considered as a fundamental symmetry in superstring theory. 
It is also one of the most promising candidates for the physics beyond the standard model. 
For example, it protects the weak scale against large radiative corrections. However the 
low-energy particle contents and interactions do not respect SUSY, and thus it must be 
broken above the weak scale. 

The Scherk-Schwarz (SS) mechanism [1] of SUSY breaking has been revisited re¬ 
cently as a phenomenologically interesting candidate for the physics beyond the standard 
model [2]. The most simple setup in such context was constructed within the framework 
of hve-dimensional (5D) supergravity compactihed on an orbifold /Z 2 - It was argued 
that the SS mechanism can be regarded as a spontaneous breaking of SUSY [2, 3, 4]. This 
argument was based on the fact that the SS twist corresponds to a nonvanishing Wilson 
line [3] for the auxiliary SU{2)u gauge held in the off-shell supergravity. This nonvanish¬ 
ing Wilson line effect appears as the auxiliary component of the so-called radion superheld 
in the iV = 1 superspace description. A lot of analyses based on this description were 
done in literatures [2, 3, 4]. It was also discussed that boundary mass terms yield the same 
spectrum as the SS breaking, and thus can be interpreted as an equivalent description to 
the SS twist [5]. On the other hand, it has been argued that the SS twist leads to an 
inconsistent theory on the warped geometry [6] if SUSY is a local symmetry. 

In this paper we reinterpret the Scherk-Schwarz (SS) boundary condition for SU (2)/j in 
the compactihed hve-dimensional (5D) Poincare supergravity as the twisted SU{2)u gauge 
hxing in 5D conformal supergravity. In such an interpretation, only the compensator 
hypermultiplet is relevant to the SS breaking. Starting from a hypermultiplet compensator 
formalism of the 5D conformal supergravity [7, 8, 9, 10], we construct the 5D Poincare 
supergravity with SS twist. By this construction, various properties of the SS mechanism 
can be easily understood. Here, we will explicitly show the Wilson line interpretation of 
the SS twist [3], the correspondence between the twist and constant superpotentials [5], 
and the inconsistency of the twist in the warped background [6] within our framework. We 
will also derive the N = 1 superspace description of the SS twist based on works [11, 12, 
13, 14], in which the N = 1 superhelds are directly derived from the 5D super conformal 
multiplets. 

In Sec. 2, we hrst review the hypermultiplet compensator formulation of 5D confor¬ 
mal supergravity [7, 8, 9, 10]. In Sec. 3, we introduce the twisted SU{2)u gauge hxing 
and derive the 5D Poincare supergravity with SS twist. Here we show the Wilson line 
interpretation and the correspondence between the SS twist and the boundary constant 
superpotentials. We also demonstrate what happens if we consider the twist on the warped 
geometry. In Sec. 4, we derive the N = 1 superspace description of the SS twist within 
our framework. Finally we summarize our results and give some discussions in Sec. 5. 
Some detailed expressions for the 5D conformal supergravity in our notation are exhibited 
in Appendix A based on Refs. [7, 8, 9, 10]. 
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2 Review of hypermultiplet compensator formalism 


In this section we briefly review the hypermultiplet compensator formulation of 5D con¬ 
formal supergravity derived in Refs. [7, 8 , 9, 10]. The 5D superconformal algebra con¬ 
sists of the Poincare symmetry P, M, the dilatation symmetry D, the SU{2) sym¬ 
metry U, the special conformal boosts K, N = 2 supersymmetry Q, and the confor¬ 
mal supersymmetry S. We use fi,u,... as five-dimensional curved indices and m,n,... 
as the tangent flat indices. The gauge fields corresponding to these generators Xa = 

Qi, Si, are respectively h/ = e b., 


Pmi mni 


D, Uij, K^fii 


fi ''fi 1 "II 1 ''IJ-1 ■ fi 1 JII ) TIII -r111 

in the notation of Refs. [7, 8 , 9, 10]. The index i = 1, 2 is the S' 7 /( 2 )j 7 -doublet index 
which is raised and lowered by antisymmetric tensors 

In this paper we are interested in the following superconformal multiplets: 


• 5D Weyl multiplet: (e^™, y*, D), 

• 5D vector multiplet: (M, 


• 5D hypermultiplet: (Pi", ^^)- 

Here the index / = 0, l,2,...,ny labels the vector multiplets, and 1 = 0 component 
corresponds to the central charge vector multiplet^. For hyperscalars Pi", the index 
a runs as a = l, 2 ,..., 2 (p -|- q) where p and q are the numbers of the quaternionic 
compensator and the physical hypermultiplets respectively. In this paper we adopt the 
single compensator case, p = I, and separate the indices such as a = (a, a) where a = 1, 2 
and a = 1,2,... ,2q are indices for the compensator and the physical hypermultiplets 
respectively. 

The superconformal gauge fixing for the reduction to 5D Poincare supergravity is given 
by 


D 

U 

S 

K 


A7 = M| = 1, 

Pl“ oc y, {p = 1) 
= 0 , 

= 0 , 


( 1 ) 


where M = CukM^M^M^ is the norm function of 5D supergravity with a totally 
symmetric constant Cuk, and A/} = dJ\f/dM^. The derivative Vm denotes the super¬ 
conformal covariant derivative. Here and hereafter we take the unit that the 5D Planck 
scale is unity, M 5 = 1 . 

The invariant action for 5D supergravity on S^/Z 2 is given as [9] 

S = j dPx J dy {Cb + Cf + /laux + 

where Cb, C.f, -Caux and £Ar=i are the Lagrangians for the bosonic, fermionic, auxiliary 
fields and the boundary Lagrangian respectively, which are shown in Eqs. (24) and (25) 
in Appendix A. It was shown in Refs. [9, 10] that the above off-shell supergravity can 
be consistently compactifled on an orbifold jZ^ by the Z 2 -parity assignment shown in 
Table 1 in Appendix A. 

^Roughly speaking, the vector field in this multiplet corresponds to the graviphoton. 
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3 SU(2)u gauge fixing and Scherk-Schwarz twist 

In this section, starting from the hypermultiplet compensator formalism reviewed in the 
previous section, we construct the 5D Poincare supergravity with SS twist by introducing 
the twisted SU{2)u gauge hxing. In the following subsections, we will explicitly show 
the Wilson line interpretation, the correspondence between the twist and the boundary 
constant superpotentials and the inconsistency of the twist on the warped geometry within 
our framework. 

First we recall the usual SS mechanism. The following arguments are based on the 
5D Poincare supergravity on the orbifold /Z 2 dehned by 

= ±Z^{x,y), 

where Z acts on the SU{2)r indices of helds and is chosen as Z = without a loss of 
generality. The SS twist is dehned as 

<F(a;, y + 2 t[R) = T^{x, y), 

where R is the radius of the hfth dimension y and T also acts on the SU{2)r indices that 
is given by 

rjn _ ^—27viuj-a 

The twist vector u = (cui,ci;2,cua) determines the strength and the direction of the SS 
twist and a = (ci, (T 2 , <^ 3 ) are the Pauli matrices. For Z = the consistency condition 

TZT = Z, (2) 

requires cus = 0 (except for some special cases [3]). We can go to the periodic held basis by 
redehning helds [3, 4] as where again acts on the SU{2)r indices 

and fiy) satishes 


f\y + 2TiR) = f\y)+ 2 ti. (3) 

3.1 Twisted SU{2)u gauge fixing 

In the derivation of 5D Poincare supergravity from the 5D conformal supergravity using 
the hypermultiplet compensator, the SU{2)r symmetry is dehned as the diagonal sub¬ 
group of the direct product between the original SU{ 2 )u gauge symmetry and SU{2)c 
which rotates the compensator index a, 

SU{2)u X SU{2)c ^ SU{ 2 )r, (4) 

through the [/-gauge hxing oc 5“. The D- and [/-gauge hxings in Eq. (1) completely 
hx the quaternionic compensator hyperscalar held as^ 

_+ A%Al. (5) 

^Note that the equations of motion for the auxiliary helds D' and y' in Eq. (24) in Appendix A result 
in jR = 2N and Ca = A°‘iCa — = 0 respectively. 
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Then the compensator fermion is fixed by 


Ca5“ = Co 




1 + A-jA^^ 


( 6 ) 


However, if we consider a torus compactihcation of the hfth dimension y with the 
radius i?, we have inequivalent classes of the SU{2)u gauge hxing which is parameterized 
by a twist vector oj as 


and then 








1 + A-^Aj 


(7) 

( 8 ) 


where f{y) is a function satisfying Eq. (3). This twist vector oj specihes the class of 
torus compactified 5D Poincare supergravity and uii ^2 7 ^ 0 corresponds to the SS twist 
parameter. In other words, from Eq. (4), the SS boundary condition for all the fields 
with SU{2)r index in the Poincare supergravity is simply (equivalently) given by only 
the compensator {SU{2)c) twisting in the framework of conformal supergravity [ 12 ]. We 
usually choose f{y) = y/R, but here we do not specify its explicit form for the later 
convenience. Note that the different choice of f{y) with the same u gives the same 
physics, because it corresponds to the f7-gauge hxing parameter. 

In the super conformal formulation, SU {2)u gauge held on-shell (without the boundary 
action) is given by 

KLi = -T(2.4^cv„.4„« + iA/'„n'*7„n'''’)' <8) 

where A//j = dJ\f/dM^. The notations {i, j) and a in the superscript are dehned 
respectively in Eqs. (27) and (28) in Appendix A. Under the gauge hxing (7), we go to 
the periodic held basis by 

^ U%{y)A\, C - U\{y)C,\ (10) 


where 


U\{y) 




a 

b * 


In this basis all the held (including the compensator) has a usual periodic boundary 
condition. The SU{2)u gauge hxing (7) reduces into trivial one (5), while Eq. (9) becomes 

U„i - + + (ii) 

Namely we hnd that the twisted SU{2)u gauge hxing (7) yields a held-independent shift 
of SU{2)u gauge held VyK It leads to a nonvanishing contribution to the Wilson line, 

r 27 rR 

/ dyVyR = 27ri{u-ayj^ -, 
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where we have adopted the property (3) and the ellipsis denotes the contributions from 
the physical helds. Then we hnd that the SS SUSY breaking can be interpreted as the 
breaking caused by a nonvanishing Wilson line of SU{2)u gauge field. As shown in Ref. [3] 
(based on the linear multiplet compensator formalism [15]), Vy^ appears in the auxiliary 
component of the so-called radion superfield in the N = 1 superspace description. We 
will show this within our framework in Sec. 4. (See Eq. (23).) 

Next we derive SUSY breaking terms induced by the SS twist in the periodic basis. 
By the held redehnition (10), the compensator hxing conditions become normal ones (5) 
and ( 6 ) respectively, while we have additional u dependent terms which arise through the 
^-derivatives of the compensator helds in the action shown in Eq. (24) in Appendix A. 
They are given by 

e-'C = f'(y)(iS-3u[^>{A‘^ViA\-A\VtA‘^) + 2iC,S\‘ 

where = eij = ia 2 - We remark that the u dependent gaugino mass will be generated 
after integrating out the auxiliary held V 4 . 

The V 4 is included in the auxiliary Lagrangian in Eq. (24) as 

- Unsol)*''(U„ - Ksol)*,, 

where Unsoi = is given by Eq. (9). Then on-shell becomes 


e 


on-shell 

LO 


f{y){iQ ■ cf)., 

+ - ^A^^^VaAI^ + (1 + AlA%)^ 

- 2 {f\y)\Q\)\A:A% + {A:A^^% 


where we have applied the compensator hxings (5) and ( 6 ). Then the important part for 
the low energy physics up to quadratic in helds is given by 


-1 


^mass 


= /'(!/)(« ■ o')y(2#;;7”‘"V4’ + - 2(f{y)\S\YA:A%, 


which contains the mass terms of the gravitino, the gauginos and the hyperscalars [2, 3, 4]. 
We remark that the cosmological constant proportional to in has been cancelled 
on-shell by the equation of motion for V 4 . 


3.2 Singular gauge fixing and boundary interpretation 

As we mentioned above, an explicit function form of f(y) does not ahect the physical 
consequence because f(y) is just a gauge hxing parameter. We usually choose f(y) = y/R 
which gives the simplest description. However in this section, motivated by the argument 
of generalized symmetry breaking in Ref. [5], we choose a gauge hxing parameter, 

f\y) = 2 ^ (®sn(|/ - miR) - sgn(-n 7 rR)), (12) 
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where sgn(|/) is the sign-function. Namely, 


f'{y) = -nTiR). 

n 


For this /(y), Cco becomes totally boundary terms. However we should be careful about 
the singular structure of this gauge hxing parameter which can change physics depending 
on the regularization. In the following we concentrate on the contribution from the Z 2 - 
even helds which does not suffer from this singularity. We will briefly mention about the 
correction from the Z 2 -odd helds at the end of this section. 

In the situation that the compensator is not charged under the physical gauge held 
(i.e. /^-symmetry is not gauged), we introduce iV = 1 invariant constant superpotentials 
W at the orbifold hxed points (see Eq. (25) in Appendix A) 


Cn=i = - tl'kR) 


S'* IF 


\F 


= '^^{y-nTiR)e^^i)W 

n 

X 2M“=22(1 + iWi=^/M^=^)RXA + + AV4 - 2#4C)“Si 

- 2 C+Pi^cr' + 4MTi2^+ ■ jRnCr' - 2^T=2^T=2^m+7”^"^L^n+l + h.c.. 


where = (1 ± 75 ) 72 , JF" = JF" —and P°soi is shown in Eq. (26) in Appendix A. 
The Z 2 -even helds 'iprn+ and are dehned in Table 1 in Appendix A. The symbol [■ ■ -jir 
represents the F-term invariant formula in A^ = 1 super conformal tensor calculus [9] and 
6 ( 4 ) is the determinant of the 4D induced vierbein. Here let us see the relation between 
the SS twist and the boundary constant superpotentials. Interestingly enough, we can 
show that, provided IF satishes 


W = + ioJi), (13) 

the constant superpotentials generate exactly the same terms as (the Z 2 -even part of) the 
previous SS twist Lagrangian after integrating out compensator auxiliary held JF“, 
that is. 


where 


Cw + Pa 


— C,., ± C 




(14) 


Ca 


n'^S{y — nnR)e ^ 6 ( 4 ) 

n 


/(M^=0)-iW/=0l2 + a3 
1 ± (M^=0)-2(IF/=0)2 


{iu ■ a)\A%. 

b 


The Lagrangian Faux is shown in Eq. (24) in Appendix A which consists of complete 
squares of the auxiliary helds including JF“ and VyK 

Therefore we conclude that, with the singular gauge hxing parameter (12), the Z 2 - 
even part of the SS twist u = (ci;i, ci; 2 , 0) is equivalent to the A^ = 1 invariant constant 
superpotentials IF = 7 r(ci ;2 ± ioJi) at boundaries. From this correspondence between SS 
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twist and the constant superpotentials, we confirm that SUSY breaking caused by the 
SS twist is not explicit (at least for the Z 2 -even part), because the boundary constant 
superpotential is TV = 1 invariant. We remark that this correspondence has been easily 
found at the full supergravity level, not in the effective theory, thanks to our simplified 
interpretation of SS twist. 

We should comment that with a suitable regularization of the (5-function, the parity 
odd part on the boundary modifies effectively the relation (13) as, e.g. W = tan(7ra;2) for 
the (72 twist lJ = (0,a;2, 0), that was shown in Ref. [3]. 


3.3 Scherk-Schwarz twist and AdSs geometry 

It was suggested in Ref. [6] that the SS twist yields an inconsistency in the supergravity 
on AdSs geometry. Therefore, in this section, we consider the SS twist in the AdSs 
background within our framework of twisted SU{2)u fixing, and see what happens. It is 
known that the gauging of U{1)r symmetry by the graviphoton is necessary to realize the 
AdSs geometry keeping SUSY [16, 17, 18]. In fact, the negative cosmological constant is 
proportional to the gauge coupling in such a case. When a physical vector field 

IUr^ gauges the U{l)c subgroup of SU{2)c, 


where 


i9RW^)\ 




(15) 


gRWl^{q- iafi 


sin Or + ia2 cos eR)\ {gn : Z2-even) 
\^9RW/^{i(T3)% {gR : Z2-odd) ’ 


we shift the auxiliary SU{2)u gauge field by = V^ij +fi'_RlU^j [7]. Then the covariant 
derivative (15) becomes 


V,A% = S,..4“ + + ..., (16) 


The third and fourth term in the right-hand side of Eq. (16) cancels each other under the 
normal [/-gauge fixing (5), and consequently this lU^ becomes the massless U{1)r gauge 
field. 

However, with the nonvanishing SS twist u in the twisted [/-gauge fixing (7), we find 
that the compensator decouples from this vector field in (16), when and only when 
the condition 


[(g Ad), (Y A(7)] = 0, (17) 

is satisfied. Otherwise the U (1)r gauge field acquires a mass from the beginning (from the 
superconformal-covariant kinetic term of the compensator), which breaks the unitarity of 
this Poincare supergravity. This means that the twist vector u should satisfy (17) in order 
to consistently gauge the U{1)r subgroup of SU{2)r symmetry defined by q. 

To obtain the GP-FLP [17] (BKVP [18]) model for a supersymmetric warped brane 
world, we need to gauge the U{1)r symmetry by the graviphoton with Z 2 -odd gauge 
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coupling^ qr, i.e. q = |^(0,0,1). From the above argument, the only possible twist 
vector in this case is cJ = 0, which does not cause SUSY breaking"^. 

On the other hand in the ABN model [16] in which the U{1)r symmetry is gauged 
by the graviphoton with Z 2 -even gauge coupling g^, i.e. q = \^ (sin 6 ^/ 2 , cos 0 ), the 
possible twist vector is cu = |(I;| (sin0^, cos9r, 0). In this case we hnd a possibility to have 
the SS SUSY breaking in a slice of AdSs. However it was pointed out in Refs. [10, 15] 
that ABN model is not derived from the known off-shell formulations with the linear 
multiplet [15] or the hypermultiplet compensator [10]. We can not hnd the Killing spinor 
on this background in those off-shell formulations for ABN model even without the SS 
twisting. This is still an open question. 

4 = 1 superspace description 

In this section, we describe SS SUSY breaking in the N = 1 superspace formalism, which 
is directly derived from the 5D conformal supergravity [ 11 , 12 ]. As we found in the 
previous section, the SS twist yields inconsistent theory when the R-symmetry is gauged 
by some physical gauge held. Then, in this section, we restrict ourselves to the case 
that the R-symmetry is not gauged, which means that the background geometry is hat 
(neglecting the backreaction from the VEVs of the physical helds). We hrst review the 
action shown in Ref. [14], and extend it to the case with twisted SU{2)u gauge hxing (7). 

For simplicity, we consider the case that ny = 1, (p, O') = (1,1) and the maximally 
symmetric norm function, M = Then, the superspace action 

is written by the Lagrangian C = Cc + C-v+h + where 

Cc = - 2 y'd" 0 Us(SS + S‘=S'=)-|y'd20(S'^9,S-S9,S'=) + h.c.|, (18) 

Cv+H = [j d^e-^EWW + h.c^+j (fd^^(-dyV-i^s + i^sf 

+ J d^e Ve 

+ y d^OH^dy + mE - 2ig^s) H + h.c.j , 

and Cn=i is the boundary Lagrangian for which we omit the explicit expressions. The 
superhelds (S, and (R, H'^) represent the N = 1 chiral multiplets which originate from 
the compensator and physical hypermultiplets respectively, and the superhelds (U, $ 5 ) 
are the N = 1 vector and chiral multiplets coming from the physical 5D vector multiplet. 
The remaining superhelds Ve and E are a spurion-like vector superheld coming from the 
hfth component of the 5D Weyl multiplet and a chiral superheld coming from the central 
charge vector multiplet, respectively. Especially E corresponds to the radion superheld 
in the ‘5D oh-shell approach’ in the terminology of Ref. [14]. Note that Ve — {E + E)/2 
for the vanishing VEVs of physical helds. The mass scales are again measured in the unit 
of M 5 = 1. Note that we have omitted the terms involving graviphoton (/ = 0) multiplet 
and a part of Chern-Simons terms, that are irrelevant to the following discussions. 


•^The Z 2 -odd gauge coupling can be realized in the supergravity through the four-form mechanism [18]. 
^Note that ws = 0 due to TZT = Z in Eq. (2). 



The relation between the helds in the superconformal multiplets and the above su¬ 
perfields S, H, V, $ 5 ', Ve and E is found in the appendix of Ref. [14], The 
(untwisted) superconformal gauge fixings (1) for the compensator chiral superfields are 
rewritten as 

? = ^l + i(|A|= + |A-P), e = 0, 

X? = ^(hXh + h^xD, xl = -^(hXh + h'^Xh), (19) 

where each component field is defined as <h = 0 — 9X(j> — <|>‘^ = ^'^ — — 9“^^ 4 , 

($ = S,hf). 

Now we consider the twisted 5'17(2)[/-gauge fixing (7), which corresponds to the SS- 
twisted Poincare supergravity. In this case, thanks to our simplified interpretation, the 
only change is the replacement of the compensator chiral superfields S and by 



This replacement just generates additional terms in the action, 

-^twist = /^(y) I( 1^2 + * 1 ^ 1 ) J d‘^9 + {uj2 — iuji) J d'^9 + h.c.^ , (21) 

which originate from the dyS and dyS'^ terms in Eq. (18). 

We have to go to the on-shell description here, because S, and E (as well as the 
graviphoton multiplet omitted here) become dependent superfields after the superconfor¬ 
mal gauge fixings [14] (see Eq. (19) for S and S'^). However in the global SUSY limit 
(M5 —cx)), these dependent superfields are reduced to spurion-like superfields, 

H ~ S" ~ -9^EI, E ~ 1-9^Ee, (22) 

and we can formally keep the superspace structure. From Eq. (22) together with the 
additional Lagrangian term (21), we find 

Cc = - 2 {\EE\^ + \Ei\^)-EEd^s-^sd^E + {dyEi + h.c.) 

E 2 f'{y) {{uJ 2 + fa;i)jF= -|- h.c.} 

= -2(|J^sr + l-^in - - FeEe + {dyEi + h.c.). 


where 


Ee = Ee — 2f\y){u2 — iuji). (23) 

Then we conclude that the effect of the SS twist is completely absorbed by the constant 
shift of Ee as expected. As discussed in the previous works [2] we can easily obtain the 
soft SUSY breaking terms for the matter fields in Cv+h by substituting Te = Ee + 
2 f'(y)(uj 2 — i^^i) in the F-component of the spurion-like superfield E. Note that all the 
terms generated by integrating out Ee, Ee and are higher order in powers of 
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and the leading order effects of the SS SUSY breaking are obtained just by substituting 
Te = 2 f{y){u 2 - iuji) in Cv+h- 

Finally we should remark that the correspondence between the SS twist and the con¬ 
stant superpotentials discussed in the previous section is manifest in this superspace 
description, that is, Eq. (21) is nothing but the iV = 1 invariant constant superpotential. 
For the case of the singular gauge fixing (12), this is the boundary constant superpoten¬ 
tial, as shown in the previous section at the full superconformal gravity level. (See the 
relation (13).) 

5 Conclusions and discussions 

By noticing that the twisted SU{2)e boundary condition in S'^-compactihed 5D Poincare 
supergravity is equivalent to the twisted SU{2)u gauge hxing in 5D conformal supergrav¬ 
ity, we have reexamined the SS mechanism of SUSY breaking in the latter terminology. In 
this case, only the compensator hypermultiplet is relevant to the SS breaking, and various 
properties of the SS mechanism can be easily understood. We realized the 5D Poincare 
supergravity with the SS twist starting from the hypermultiplet compensator formalism 
of 5D conformal supergravity [7, 8, 9, 10]. Thanks to this simplihed interpretation, we 
can explicitly show the Wilson line interpretation of the SS twist [3], the correspondence 
between the twist and the constant superpotentials [5], and the quantum inconsistency of 
the twist in the AdSs background [6] at the full supergravity level. We have also derived 
the iV = 1 superspace description of the SS twist based on our previous works [12, 13, 14]. 

We remark that the iV = 1 superspace description of SS twist is possible only in the ‘5D 
off-shell approach’ in the terminology of Ref. [14], in which the SS twist is translated into 
the nonvanishing F-term of the radion superheld E. When we use the word “the radion 
superheld”, we have to specify the context in which we work. For example, we have the 
radion superheld also in the ‘4D off-shell approach’ of Ref. [14], but the nonvanishing F- 
term of this radion superheld does not realize the SS twist. This is because this approach 
is possible only when the background preserves iV = 1 SUSY. For the SUSY breaking case 
such as the SS-twisted supergravity, we are forced to work in the 5D oh-shell approach, 
in which the radion superheld is a spurion-like superheld. 

As shown in Sec. 3.3, if the compensator is charged under some gauge held including 
the graviphoton (i.e. the R-symmetry is gauged), the SS twist generates a mass for the 
corresponding gauge held without the Higgs mechanism, except for the case of ABN type 
gauging [16]. This is the reason why the SS twist results in an inconsistent theory in 
the AdSs background [6]. However, this does not mean that the constant superpotentials 
cannot be introduced at the hxed points of orbifold in the AdSs background, because the 
correspondence between the SS twist and the constant superpotentials shown in Sec. 3.2 
is only valid without the R-gaugings. Indeed the R-gauge held does not receive a mass 
from the constant superpotential. In such a sense, the constant superpotential belongs 
to a much wider class of deformation parameter than the SS twist in 5D supergravity on 
S^/Z 2 orbifold. 

Then it may be interesting if we consider the boundary constant superpotentials with 
the R-symmetry gauged by the Z 2 -odd graviphoton through the Z 2 -odd gauge coupling 
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(GP-FLP type gauging [17]), which can not be resembled by SS twist. This possibility is 
studied in the global SUSY limit in the hrst paper of Ref. [2]. If the i?-gauge coupling is 
Z 2 -even (ABN type gauging), the SS twist is also allowed as shown in Sec. 3.3, and the 
combination of the twist and the constant superpotentials may result in some nontrivial 
on-shell supergravities. We expect that this case may be related to the on-shell models 
with detuned brane tensions [19], even though we have still some gap between the ABN 
model and the off-shell formulations as mentioned at the end of Sec. 3.2. On the other 
hand, for the R-symmetry gauged by the Z 2 -even physical vector held [20], we can not 
introduce any constant superpotential because the superpotential must have nonvanishing 
R-charge at boundaries in this case. 

One of the advantages of our derivation of SS-twisted Poincare supergravity is that, in 
addition to its simplicity, it is based on the super conformal formulation which can interpo¬ 
late various frames (such as the so-called Einstein frame or string frame), or even various 
on-shell supergravities that are physically different from each other. It is well known that 
the superconformal formulation is indeed powerful in four dimensions. Our method is 
expected to be useful if we treat the SS-twisted 5D Poincare supergravity as an effective 
theory of further higher-dimensional theory such as, e.g. the eleven-dimensional super¬ 
gravity. For the eleven-dimensional supergravity compactihed on /Z 2 times Calabi-Yau 
three-fold, it is known that the effective 5D supergravity is derived by introducing two 
compensator hypermultiplets [9] in 5D conformal supergravity. This will be one of the 
extension of this paper in future works. 
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A Invariant action in hypermultiplet compensator for¬ 
malism 

In this appendix we review the invariant action derived in Refs. [7, 8, 9, 10] for the relevant 
multiplets to this paper. 

The action for 5D supergravity on jZ 2 orbifold is given by [9] 

S = J J dy {Cb + + ^a.ux + ^N=i), 

where Cb, -^aux and C]\f=i are the Lagrangians for the bosonic, fermionic, auxiliary 
helds and the boundary Lagrangian, respectively given by 

e-^Cb = + + 

+W^A%VmA: + A%{g^M^)^^Ay + 
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1 

To 


'g‘^[W^,W,Y[Wp,W„] 



e-^Cf = + 2 iMaijn^yn'^ - 2 iC{y + gM)C^ 

-2M“ + 2iauA%VaAc.,nl-f-nj - 

+MYPM{YkT"''% + Y^r) + U{ai,0Aa^JY^ - tgMip, 1]]^ 

+ C7’""Ca)' 

o 

+ "-MiFYnm{Ykl'^'^'^% + 2^™^" + + C7’"Xa) 

+*Ara/j^^(7 ■ F^(W^) - 2yMYl^^-^ 

■ F'\W)Q.^ - + # • 7f^"'T2f,l]j5), 

= D\A^ + 2M)-Sii^A%^-\M,j{Y^^^-Y^Y){YY-YY^,,) 

+2M{V - V^olT^Y - V,o{)mn " M {V^ - V^olpfiV^ - Kol)*. 

+(i - wi=^w^=^^/{M^=YY{n - nsox){^: - ^Ysox), ( 24 ) 

and 

£iv=i = i: A,i(!,-!fl)(-||ESe-'f‘'’‘«’5>7„ 

/=0,7r 

+ l/i!/(S)»''"M7lF + [E“1'I''®(S)1 f)- (25) 

Here we have used some expressions defined as 
= -M'-«(gt,.„r^A^„ 

KS„ = -F( 2 A‘‘'‘v„A/>-tM,.,n%na-'=). 

%olmn = jW^’iL)'''’) - deA/'V’m’/'., + ClmnCa - ^•V[jn'7„„SJ-'H , 

n'of = -^'^'yy, rzu = a/'="(j«;.o)”X. 

>>;■’■ = 2Flj'(9«,)®Ft/+ lV,JF■S)'''f!'''^ (26) 


and D', x^' cire shifted auxiliary fields from D, y* in the Weyl multiplet respectively for 
which we omit the explicit form (see Ref. [9]). The notation is defined as 




1 

2 


(A^B^ + A^B^). 


(27) 


The indices I, J,... = 0,1, 2,..., ny label the vector multiplets, and 1 = 0 compo¬ 
nent corresponds to the central charge vector (almost graviphoton) multiplet. The gauge 
kinetic mixing a/j is calculated as 


O/J 


1 

2 dMWMJ 


In A/” 


1 

w 



AfiAfj\ 
M ) 


•) 
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Weyl multiplet 

n = +i 

e/, e+, 7_, V®, jj 

n = -1 

V+: by, 

Vector multiplet 

n(M) 

M, Wy, 

-n(M) 

iq, Fi3i, f!+ 

Hypermultiplet 

n(^^tY) 

A2a—1 a2 & .^20—1 •772a /-a 

i=l ) i=2) i=2 ) *' i=l) S+ 

-n(Ai^tY) 

^2a—1 ^2q .^20—1 -r2a /-a 

i=2 1 i=li '' i=l 1 i=2) 


Table 1; The Z 2 parity assignment. The nnderbar means that the index is 4D one. The 
subscript ± of the SU (2) Majorana spinors is dehned as, e.g. ^ and 

tjj- = where 'ipR^L = (1 ± 75 )'^/ 2 , except for 

e = («= i,’... ,p+g). 

where A/” is the norm function of 5D supergravity explained in Sec. 2. The ny + 1 
gauge scalar fields are constrained by D gauge fixing shown in Eq. (1) resulting ny 
independent degrees of freedom. 

For hyperscalars A% the index i = 1,2 is the S'f/(2)[7-doublet index and a = 
1,2,... ,2(p + q) where p and q are the numbers of the quaternionic compensator and 
physical hypermultiplets respectively. The notation a in the action stands for 

A“ = ( 28 ) 

where dj^ = diag(l 2 p, -Uq)- 

It was shown in Ref. [9, 10] that the above off-shell supergravity can be consistently 
compactihed on an orbifold /Z 2 by the Z 2 -parity assignment shown in Table 1 without 
a loss of generality. When the hfth dimension is compactihed on such orbifold /Z 2 -, 
we generically have the boundary N = 1 invariant action Cn=i with the constant 
at the orbifold hxed points {yo^yAj = (0,7ri?) as shown in Eq. (25). In the boundary 
action, S is the 4D = 1 compensator chiral multiplet with the Weyl and chiral weight 
{w,n) = (1,1) induced by the 5D compensator hypermultiplet, while S and stand 
for generic chiral matter and gauge (held strength) multiplets with {w, n) = (0, 0) at the 
boundaries which come from either bulk helds or pure boundary helds. Here the symbols 
[■ ■ ■]d and [■ ■ ■]f represent the D- and F-term invariant formulae, respectively, in the 
N = 1 super conformal tensor calculus [9]. 

Without the boundary N = 1 action Cn=i, the auxiliary helds on-shell are given by 
V). = Rso1m> '>Jmn = ^'solmn, and £aux hually vanishes on-shell. 
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